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"Design  and  general  details  of  two  hinged  plate 
girder  arch,  span  two  hundred  and  seven  feet 
center  to  center  of  end  pins  " . 

Loading: 

The   line  load  was  assumed  as  7000''  per  lineal 
foot  of  sp.'>n.  This  heavy  loadin:3  was  assumed  because 
the  bridge  is  designed  to  carry  heavy  ore  cars.  The 
floor  system  v/as  designed  for  Cooper  Class  E  50  Engine 
loading,  with  the  exception  of  the  stringers,  which  were 
designed  to  carry  a  load  of  120000-,  distributed  equally 
on  t7/o  pairs  of  driving  wheels,  spaced  six  feet  center 
to  center. 

The  dead  load  was  determined  by  trial,  and 
it  amounted  to  16200^  per  panel_^per  truss. 

Computation  of  stresses :- 

The  center  line  of  the  arch  ring  is  a  parabola. 
This  form  v/as  assu-med  because  it  is  in  perfect  equilib- 
rium under  a  load  distributed  uniformly  horizontally  over 
the  entire  span.  If  that  is  th.e  case,  v/e  have  no  bend- 
ing moment  and  no  shear,  but  ?/e  will  have  a  direct  thrust 
to  be  taken  by  arch.  In  case  v/e  have  eccentric  loading  , 
we  will  have  bending  moments,  and  it  is  desired  to  find 
what  panel  points  must  be  loaded  to  give  ^maximum  positive 
and  negative  bending  moments. 

Place  a  single  v/eight  at  I,  as  shovm  in  fig.  I. 
The  condition  of  equilibriiim  is  that  ^EP  x  DEi?  o.  We 
icnov/  that  the  closing  line  of  the.rft^-lygon  must  pass 
through  A  &-B,  because  v/e  have  zero  bending  moment  at 
A  oc  B,  'therefore  the  only  unknown  is  ce,  which  v/e  will 
call  yt.  Now  if  yo  is  calculated  for  this  load,  we  can 
construct  the  equilibrium  polygon  for  the  single  load 
'  at  I.  Let  the  half  span  Aii=  iiB  =  c,  the  rise  at  the 
crov,Ti  equal  X,  the  distance  KG  from  mid  span  to  single 
v/eight  I  =  b,  then  the  value  of  yo  will  be: 

o 

32  c 

yo  =  —   -  ^  k  X  <-r     (Green) 

5        5  c  -  b"^ 

Now  if  b  =  nc     where  n  is  a  fraction  of   the  half  span 

t  32 

(1)    yo  = -—     Ic, 

t3    (    -  n2) 

17980 


Having  found  the  general  value  of  yo,  we   can 
determine  the  value  of  yo  for  a  load  at  any  point  of  the 
arch,  hence  we  can  draw  the  equilibrium  polygon  for  any 
load.   Prom  the  equilibrium  polygon  v/e  can  determine  the 
value  of  H,  by  drawing  lines  from  the  extremity  of  the 
load  line  parallel  to  the  sides  of  the  equilibrium  poly- 
gon.  This  value  of  H  for  any  position  of  the  load  is 
found  to  be 

1  -  0*"        5  (5  -n'^)       c 

(2)   H  =   X   X w  (Green) 

2  32  k 

The  span  was  divided  into  eighteen  equal  parts 
of  11'  -  6"  each,  and  the  numerical  values  of  the  quantities 
in  formula  obtained.   The  load  was  placed  at  each  panel 
point  successively  and  the  value  of  yo  obtained  by  formu- 
la (1),  and  having  the  value  of  yo  we  can  compute  H  from 
formula  (2).   A/alu3s  of 

2  -       32  o      ,       o 

(5  -  n  )   5(5  -  n)      5--   l/2  (1  -  n" )  &  l/2(l  -  n  ) 

5(5  -  n-^) 
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5(5  -  n-) 


are  given  in  table  on  page  13.   Since  a" 


is  positive,  whether  n  is  positive  or  ne-^ative,  the  val- 
ue of  yo  y*  H  will,  be  symetrical  on  each  side  of  the  crown 
of  arch. 

V/e  may  nov/  compute  the  bending  moment  at  differ- 
ent pointi^,  for  a  load  on  any  one  point.   If  y  denotes 
the  ordinate  from  the  springing  line  (AB)  to  the  equilib- 
rium polygon,  and  z  the  ordinate  to  the  parabola  at  the 
same  point  the  bending  moment  is 

M  =  H   (  y  -  z  ) 

The  ordinates  y  and  z  can  be  easily  calculated. 
Thus  if  the  load  is  placed  at  the  third  panel  point  from 
the  end,  yo  is  found  from  table  I  to  be  i.  4048  k,. 
Since  the  span  is  divided  into  eighteen  equal  divisions, 
the  number  of  divisions  on  one  side  is  three  and  on  the 
other  fifteen,  therefore  the  values  of  y  on  one  side  are 
1/3  and  2/3  of  yo,  while  on  the  other  side  they  are  l/l5, 
2/15,  3/15  14/15  of  yo.   Table  No.  2  gives  these  val- 
ues of  y. 


The  ordinate  z  is  proportional  to  the  products  of 
the  segments  into  '.vhich  it  divides  the  span,  this  be- 
ing i  property  of  the  parabola.  These  values  of  z 
are  subtracted  from  the  values  of  y  and  we  obtain  tab- 
le No  2,  which  gives  values  of  Cy  -  z).  The  values  of 
(y-z)  are  multiplied  by  H,  and  v/e- obtain  the  quantity 
H(y-z),  which  as  shown  before,  is  the  bending  moment. 
The  values  of  ii(y-z)  are  found  in  table  No  3. 

To  get  the  bemding  moment  at  any  panel  point  of  the 
arch  for  a  single  load  on  the  span,  multiply  the  constant 
in  the  table  by  the  load  at  point  of  division  and  half 
the  span.   As  for  example,  if  we  v/ant  to  obtain  the 
bending^a^Lhe  eight  panel  point  due  to  a  load  on  thir- 
teen, multiply  the  constant  found  in  the  horizontal 
column  thirteen,  and  in  the  vertical  colujrin  eight, 
namely-  .0493  by  \':G   where  V.'  ig  the  weight  and  C  the  half 
span. 

To  get  the  maximum  positive  or  negative  bsndingrao- 
ments  at  any  one  point  of  division,  add  the  positive 
or  negative  constants  in  a  vertical  column  and  multi- 
ply by  r/G . 

The  direct  thrust  in  the  arch  due  to  the  loading  is: 


T  = (Green) 

K 

Shear: - 

Adhering  still  to  the  single  weight,  at  a  dis- 
tance by  from  the  middle  of  the  span,  we  can  solve  for 
the  reaction  P2  by  taking  moments  about  tho  left  abut- 
ment, hence,  ?2   is  found  to  be   c-^b   .'  aJ! F  -   ^-^i/\/ 

2^ —  w  .  t"^  //   ^g 

As  the  parabola  is  in  equilibrium,  under  a  full 
uniform  horizontally  distributed  load,  we  v/ill  have  no 
shear,  therefore,  if  we  would  construct  a  shear  diagram, 
it  v/ould  be  the  same  as  a  beam  under  a  uniform  distribut- 
ed load,  as  shov-n  by  the  figure  a  i  nij_  n  &  1^  in  Fig.  1 
If  then  we  can  determ.lne  the  value  of  ai ,  v/e  can  draw 
this  portion  of  the  figure.   Drav/  a  tangent  to  the  arch 
as  AL,  this  tangent  will  intersect  the  middle  ordinate 
at  a  distance  2k  above  the  line  AB,  where  k  is  rise  of 
arch.  Now  if  we  draw  the  line  o  -  4  in  the  stress  dia- 
gram, parallel  to  AL,  it  will  intersect  the  load  line 
at  4  and  the  distance  3-4  will  be  the  necessary  force 
combined  with  H  to  give  a  thrust  coinciding  with  the 
rib  at  the  springing  point.   Therefore  lay  off  3-4 
at  ai  and  at  In  and  connect  the  tv/o  points  by  a  straight 
line  in,  the  ordinate  to  this  line  from  al  at  all  the 
points  will  represent  the  amount  of  vertical  force  to  be 
combined  v/ith  the  horizontal  thrust  to  put  the  rib  in 
cquilibriuuTi. 


Formula  for  vertical  Shear: 

If  y  as  the  ordinate  to  in  from  any  point  of  al 
and  y,  its  value  at  the  springing,  V7e  have  that 

Yt  :  H  : !  Gk :  c 

because  triangle,  o,  4,  3  &  A  L  ii  are  similar.   There- 
fore: 


o   ^'  ,and  the  vertical  shear  v  in  the 
web  at  the  abutments  on  the  laft,  will  then  be, 

V  =   P   -  Y   =  c  3r  b   _  o,. 

c 

For  successive  points  P^    v/ill  remain  the  value  of 
the  original  shear  until  we~pass  the  load,  vhen  it  v/ill 
become  Pi  -  17  or  -  ?   ,   Y  will  diminish  at  a  constant 
rate;  and  subtracting^y,  from  P  ,  v/e  get  the  value 
whichmulti plied  by  W  gives  the  Jhear. 

Tables  No .  4  &  5  give  values  of  P   P^  and  Y-.  £>Qp 

i , 

the  loads  at  different  panel  points.   Subtrr.cting  the 
values  of  Y-j_  from  P-,  ,  v/e  obtain  table  no. 6,  which 
gives  values  P-Y,  and  these  constants  multiplied  by 
the  load  (W)  at  a  panel  point  gives  the  vertical  shear. 
To  get  the  shear  midway  between  the  points  of  division 
tv70  and  three  for  a  lead  at  five  we  go  to  table  No  6, 
and  we  find  in  the  vertical  column  betv/een  two  and  three, 
and  horizontal  column  five  the  number  . 2*^34,  this  num- 
ber multiplied  by  iV  gives  the  shear.   The  maximum  posit- 
ive and  negative  shear  at  a  section  is  found  by  adding 
the  positive  numbers  and  the  negative  numbers  in  one 
coluTi'.n  respectively,  and  the  positive  numbers  multi- 
plied by  V/  gives  greatest  positive  shear,  while  the 
negative  numbers  multiplied  by  W  gives  the  greatest 
negative  shear. 

Banding  moment  and  direct  thrust  due  to  a  change 
of  temperature  of  an  arch  which  is  hinged  at  the  ends, 
if  exposed  to  a  change  of  temperature,  it  v/ill  tend  to 
change  its  shape.   But  as  the  abutments  are  fixed  the 
arch  cannot  chan  e  its  span,  hence,  the  change  v/ill 
be  manifested  by  a  rise  or  fall  of  the  crown  of  the 
arch.   If  the  tern.  ")erature  changes,  the  arch  tends  to 
expand  or  contract  in  -^11  directions,  hence,  the  span 
v/ould  be  lenghtened  just  in  proportion  to  the  rise  in 
temperature  t,  the  coefficient  of  expansion  (e)  and 
the  length  of  the  snan  2c. 


Therefore  the  change  in  length  v/oiild  be  2t  ec.  As 
the  span  is  not  allowed  to  chance  its  length,  we  have 
a  horizontal  thrust  Ht,  acting  at  the  abutments,  v/hich 
xeeps  arch  in  equilibrium.  This  thrust  causes  a  bend- 
ing moment  and  direct  thrust  throughout  the  arch  ring. 
The  value  of  this  thrust  Ht  is 

15      t  e*  E  I 
Ht  = X (Green) 


In  the  calculation  of  the  stresses  E  was  assumed  as 
26.000,000,  t  =   |175°  F.   e   =   .0000065   li=  46'  = 
552"   (i  Ic   =  300  000.   This  value  of  J^Jfe  v/as  found 
where  the  area  of  tha  flanges  v/as  greatest  and  used 
throughout  the  whole  span,  this  would  make  temperature 
stresses  at  cr<nvn  and  abuwtments  slightly  larger  than 
they  actually  are. 

Having  found  the  value  of  Ht,  we  can  determine  the 
bending  moments  of  the  differ '^nt  panel  points  by  mul- 
tiplying Ht  by  z,  the  distance  from  A  B  to  center  line 
of  arch.   The  direct  thrust  of  cvo^nr\   of  arch  is  Ht, 
and  at  any  other  point  it  is  equal  to  Ht  sec  ©,  v/here 
e  is  the  angle  that  the  tangent  at  th  :  point  in  con- 
sideration ~a!cGs  v;ith  the  horizontal. 

Benfling  Moment  and  Direct  Thrust  due  to  shortening  of 
rib. 

The  effect  of  placing  a  lood  on  the  arch  is  to 
shorten  the  rib,  and  as  the  spa'n  cannot  change, this 
shortening  of  the  rib  will  develope  a  force  Hs .  The 
v;.lue  of  Hs  is  Hs  =  -  15   sifl 

8   f-k    (i.'.errim.en:^.  V/here  s 
is  the  unit  compressive  stress,  Ic  moment  of  inertia 
and  k  the  rise  of  arch,  s  was  taken  as  10000,  and  Ic 
^s  500  000.   Having  found  Hs,  v/e  can  determine  the 
bending  moment  and  direct  thrust  in  the  same  way  as 
the  temperature  stresses  were  determined,  the  only 
difference  being  that  in  changes  of  temperature,  we 
can  have  either  positive  or  negative  r;ending  moment, 
while  for  shortening  of  rib,  • -e  can  only  have  positive 
moment . 

Shear  due  to  Change  of  Temperature . 

The  value  of  Ht  having  been  found,  we  can  determine 
a  uniform  load  which  would  give  the  same  value  of  Ht 
by  the  formula  Ht  k  =  V;  c  .  4.5.  .linowing  the  uniform 
dictributed  load  v.'e.   11.5 

Van  caluulate  the  reaction, 
namely 

R  =   ./I 


from  this  reaction  we  can  determine  the  vertical  shear 
in  each  panel.   Th^se  values  are  both  positive  ar.d 
negative,  as  the  temperature  fall'  or  rises. 

The  same  reasoning  applies  to  the  shear  due  to 
the  shortening  of  the  ril),  except  that  for  shortening 
of  the  rib,  ■'/e  can  only  have  positive  shear. 

Dead  Load  Stresses 

Since  the  dead  load  is  apTjroximetely  distributed 
uniform  horizontally,  it  does  not  cause  bending  rnor.ent, 
but  only 'a  direct  thrust.   The  value  of  H  due  to  dead 
load  is  H  =  4.5  c  w  which  gives  the  thrust  at  crcm, 
?:'hile  the  thrust  at  cny  other  point  is  equalto  H  sec© 
v/here  &   is  the  angle  that  the  tangent  at  the  point  in 
consideration  Tialcjs  v/ith  the  horizontal. 

Viind  Stresses. 

The  v/ind  loading  was  assumed  to  be  equal  to  50- 
per  square  foot  of  :xposed  surface.   This  gave  a  wind 
load  on  the  main  arch  rib  varying  from  9212-  per  panel 
at  the  crov/n  to  11706-:'-  per  panel  at  the  springing  line. 
These  loads  plas  one   half  that  Thich  c-mes  on  the  -ocst 
\7as  assumed  to  be  taken  by  two  latural  systems,  one  in 
the  place  of  the  top  flanges  cf  arch  and  the  other  in 
the  hot torn  9^  flanges of  arch.   The  wind  rn   the  train 
was  5750-r  per  panel,  and  on  the  floor  and  stringers  it 
was  1450:^  per  panel,  to  this  was  aJded  one  ^alf  of  load 
on  posts  and  taken  by  a  latteral  system  in  the  olane  of 
the  floor  system  and  carried  to  the  end  post,  then 
through  the  cross  bracing  at  end  to  the  abutments. 
The  v^d^  load  on  the  side  of  arch  '"omU  tend  to  over- 
turn the  bridge  as  a  v/hole,  and  this  would  throw  a  load 
on  the  main  arch  rib,  this  load  was  determined,  but  it 
was  so  small  compared  ".'ith  the  dead  load  stress  that  it 
was  neglected. 

The  stresses  which  are  tabulated  in  the  following 
pages  were  combin  d  ^'^^'^^^^/^iX^''-'^'^^   compression  and 
tension  in  the '^^jjnb9^to''^ich°' were  subject  to  alter- 
nate strains  were  proportioned  to  resist  each  kind  of 
strain.  Both  of  the  strains  were  however  considered 
as  increased  by  an  amount  equal  to  eight-tenths  of  the 
least  of  th?  two  strains. 

All  the  members  in  the  bridge  v/ere  designed  ac- 
cording to  Cooper's  specification  for  St  el  Railroad 
Bridges  and  Viaducts . 
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G      - 


Direct 

Thrust  due  to  Dead  Load. 

HOW  secG 

Formula: 

a 

H  -  is 

horizontal  thrust 

-  Ie 

half 

span  of  arch 

IV  -  is 

load 

at  panel  point  in  pounds 

F  -  is 

angle 

of  inclination  of  ineniber 

to  hori 

zontal 

iV  -  is 

rise 

of  arch 

T  -  is 

stres 

s  in  "both  flanges 

Panel 

fi 

C      W       sec  Q 

iC 

T 

9 

4.5 

103.5   16200     1.0012 

46 

164200 

3 

"      "       1,0109 

165300 

7 

"      "       1.0214 

167500 

6 

"      "       1.0715 

175750 

5 

1.0046 

170500 

4 

•'       1.1345 

136100 

3 

"       "       1.1024 

195500 

2 

"       "       1.2334 

203100 

1 

'■ 

"       1.3062 

213900 

stresses  in  flanges  due  to  positive  bending  monent, 

Ik-is  constant  found  in  table  No3 

W-is  load  at  panel  point  in  pounds 

C-is  half  span  of  Arch 

x-is  effective  depth  of  arch  ring  in  feet 

T-is  stress  per  flange 


f 


Panel 


9 

.27303 

3 

.30354 

7 

.39995 

6 

.43652 

5 

.57S90 

4 

.59117 

3 

.55352 

2 

.44939 

1 

.26420 

Pormul 

a:  - 

103.5   40250 


T 

162500 
130600 
233000 
289500 
341500 
351300 
329400 
264300 
1572^^0 


^> 


Direct  thru:  t  due  to  positive  bending  moiaent  loading. 


now  sec  9 


Formula 


T  = 


H-ls  horizontal  thrust 

G-is  half  span  of  Arch 

W-is  load  at  panel  point  in  pounds 

e-is  angle  of  inclination  of  member  to  horizontal 

It-is  rise  of  Arch 

T-is  stress  in  both  flanges. 


Panel 


5ec9 


9 

1.9022  103.5 

40250 

1.0012 

3 

2.1537    " 

1.0109 

7 

2.42S6 

1.0214 

6 

2.0369    " 

1.0715 

5 

2.0369    " 

1.0946 

4 

1.6429 

1.1345 

3 

1.2313 

1.1924 

1 

1.2313 

1.3062 

2 

1.2313 

1.2384 

46 


172500 
197600 
224400 
197700 
201900 
163300 
133300 

isjstro 

1^22130 


jtressas   in  flanges   due    to   negative   bending  moment 


// 


.,.GW 


Formula 


iu-is  constant  found  in  table  No3 
V/-is  load  at  panel  point  In  pounds 
G-is  half  span  of  Arch 
x-ifi  stress  per  flange 


Pane 1   M 


9 

.25750 

3 

-.29946 

7 

-.33966 

6 

-.52259 

5 

-.56470 

4 

-.59077 

3 

-.55371 

2 

-.44407 

1 

-.26153 

0      W     X 
103.5    40250   7 


153200 
178100 
231300 
311000 
336000 
551200 
32^-500 
264300 
155600 


/^ 


me 


Direct    thrust  due   to   positive  bending  moaaaent  Loading 


HGV/  sec   e 


Formula    : - 


ri-is  horizontal   thrust 

C-is   half   span   of  arch 

■,v-isload  at   panel   point   in  pounds 

0-is  angle   of   inclination  of  iriemhar   to  horizontal 

!c-i3   rise   of  Arch 

T-is  stress  in  both  flanges 


Panel 


9 

2.5613 

8 

2 . 3043 

7 

2.0369 

6 

2.4266 

5 

2.4266 

4 

2.3143 

3 

3.1322 

2 

3.1322 

1 

S.1322 

103.5   40250 


sec  9 

k 

T 

1.0012 

46 

232500 

1.0109 

ti 

211100 

1.0214 

ti 

133500 

1.0715 

•( 

235400 

1.0946 

tt 

240500 

1.1345 

tt 

239200 

1.1924 

ti 

343600 

1.2384 

ft 

357000 

1.30G2 

M 

376500 

stress  in  flanges  due  to  change  in  temperature 


>J 


Formula:-    Ht 

15        t  e  S  I 

=  X   ^ 

3          k~' 

E-is  26,000,000 

(modulus  of  elasticity) 

t-is  jf/:75®  F 

(change  of  temperature) 

e-is  0.000,OOG5    (coefficient  of  expansion' 


rise  of  arch 
moment  of  inertia 

horizontal  thrust 


k=  46'   =552" 
Ic  =300000 

Ht=  23400^;^ 

T=   x4t  g 

X 

z  -  is  distance  from  springingline  to  arch 
X  -  is  effective  depth  of  arch  ring  in  feet. 
T  stress  per  flange. 


Panel 

9 

3 
7 
6 
5 
4 
o 
2 
1 


lit 


23400 


46 
45_^43 
33.75 
4l,36 
36.01 
31.8 
25.65 
13 .  13 

9.66 


153750 

151^'50 

146200 

133250 

123400 

106300 

35720 

60770 

32290 


Note:- 

The  positive  bending  moment  is  the  same  as  the 
ni^>ative, except  that  the  sign  of  the  stresses  are  changed, 


^^ 


Direct  thrust  due  to  a  change  of  temperature. 


T 


Ht 


sec 


T=Stress  in  both  flanges 

Ht=  horizontal  thrust 

9  =  The  angle  of  inclination  of  member  to  horizontal 


Panel 


sec  § 


Ht 


1.0012 
1.0109 
1.0214 
1.0715 
1.0946 
1.1345 
1.1924 
1.2334 
1.3062 


23400 


23430 
23650 
23900 
25030 
25610 
26550 
27900 
23980 
30520 


stresses  in  flanges  due  to  shortening  of  rib 


Formula  lis     =        -15  Sic 

X  — -- 

3        k-- 
S  =  10000    (  unit  Compressive  stress) 
Ic=  300000    mo;Tient  of  inertia 
It  =  46'   rise  of  Arch 
H5  =  13500  "  horizontal  thrust 


Z  is  distance  froia  springing  line  to  Arch 

X  is  effective  depth  of  arch  ring  in  feet 
T  is  stress  oer  flange 


Panel 


9 

46 

8 

45.43 

7 

«3.75 

6 

41.56 

5 

36.91 

4 

31.3 

3 

25.65 

2 

13 .  13 

1 

9.66 

Hs 


13500 


T 

121400 

120000 

115500 

109200 

97440 

33950 

67700 

43000 

25500 


Note:- 

only  a  negative  bending  moment  occurs  due  to 
shortening  of  rib. 


^£ 


Direct  thriist   due  to  shortening  of  rib 

Formula   T  =  Hs   sec   8 

lis  is  horizontal  thrust 

©  is  angle  of  inclination  of  raember  to  horizontal 

T  is  stress  in  both  flanges 


Panel 

9 
3 
7 
6 
5 
4 
3 


sec  © 

Hs 

T 

1.0012 

18500 

13520 

1.0109 

II 

13700 

1.0214 

II 

13900 

1.0715 

-" 

19330 

1.094G 

20990 

1.1345 

20250 

2.1924 

2^060 

1.2334 

22910 

1.3062 

24130 

/7 


Positive  shear  due  to  line  load 

S  =   W  N 

IrV  is  load  at  panel  point 

N  is  constant  found  in  table  No6 

S  is  she,?.r 


Panel 

W 

N 

S 

1 

40250 

2.3142 

93140 

2 

ff 

1.36^5 

75240 

3 

tf 

1.5254 

61400 

4 

II 

T^iTfS.oi  /?^^/ 

54700 

5 

If 

1 . 37?4 

55220 

II 

1.6033 

44530 

7 

II 

1.3990 

76830 

3 

II 

1.0979 

34430 

9 

II 

1.2303 

89760 

10 

II 

2.2251 

39560 

11 

ti 

2.0743 

33480 

12 

II  * 

1.3774 

75560 

13 

1.5737 

63340 

14 

1.3302 

53540 

15 

1.3137 

52330 

16 

1.4714 

59220 

17 

1.3117 

72920 

13 

2.3452 

94400 

y^ 


necrative  shear  due  to  line  load 


S  =   V/  N 

W  is  load  at  panel  point 

N  is  constant  found  in  table  No6 

S  is  shear 


Panel 


1 
2 

3 
4 
5 
6 
7 

a 

9 

10 
11 
12 
13 
14 
15 
IS 
17 
13 


40250 


2.3452 

94400 

1.8117 

72920 

1.4714 

59220 

1.3137 

528?0 

1.3302 

53540 

1.5737 

63340 

1.3774 

75560 

2.0743 

83430 

2.2251 

39560 

2.2303  ■ 

89760 

2.0979 

84430 

1.8990 

76830 

1.6033 

64530 

1.3774 

55440 

1.3591 

54700 

1.5254 

61400 

1.3695 

75240 

2.3142 

93140 

Shear  due  to  cb^ange  of  temperature. 
Hlc  =   V/CX4.5 

W  =  2484 

R  =    ©   =   22350 

Panel         S 


1 

21114 

2 

1B630 

3 

16146 

4 

13662 

5 

11173 

6 

3694 

7 

6210 

8 

3726 

9 

1242 

These  are  both  positive 
and  negative  values  'because 
the  positive  shear  is  the 
same  as  the  ne,f^ative. 


shear  due  to  shortening  of  rib 

W  =   13ol       R  =    X    =  16479 

panel        S 


1 

15572 

2 

13740 

3 

11908 

4 

10076 

5 

3244 

6 

6412 

7 

4580 

3 

2743 

9 

916 

we   can  have  only 
of  rib. 


a  positive  shear  due  to  shortening 
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/ 


s 


7 


^ 


/^ 


// 


/? 


/S 


^4 


/S 


'J4A 


MA- 


v^ 


•/<^^5 


/^i- 


'/^i 


/6- 


^s^^? 


■^^7^? 


-^s^ 


.JK^ 


'//7^ 


//7 


'/ai 


'/^A 
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0040 

■2700 
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00/0 
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•4-6S2 

^SS4 

/4a4S 

7^//^ 

/■270/ 

/■/^44 

/^ja7 

■^jr70 

'e^00 

.7400 

■0000 

■00^^ 

■4000. 

,074/0 

■2S// 

7070/ 

0007 

^ 

■j^/a 

■^02a 

/fi£ff3 

/■SS42 

/2S0Z 

/■/000 

/■0  7/4 

.074^ 

■S70S 
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■00/0 

0044 

■  4070 

■JfF00 

.2922 
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/JOS4^ 

/■2^>a0 

/■00/0 
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.07^^ 
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.0040 

■0400 

■4004 

0070 

0/00 

■/a0/ 

7 

•/0^7 

■yss4 

■SS^/ 

■7S00 

■02'JS 

/■/0e2 

/■2027 

/■/70'0 
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.7000 
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■^S04 
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.0046 

.7<fS7 
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/09/0 

/2000 

/S004 

/a0/a 

.S720 

■0046 

4^04 
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/J 
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•S7JS 
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/■/^44 
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/■J//0 

/■4a4^ 

^004 

4002 

/S 

^0/a 

•/s^a 

£7Sa 

■S64a 

■40Sa 

•S4S0 

•0.^70 

7£S0 

■S/00 

.0/00 

//)0/0 

/09£0 

//030 
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/■400/ 

.7200 

/7 

■t7ssa 

■/7^fi 

.2SS£ 

■yS7S 

■447a 

.0S04 

•0200 

7/0-£ 

•0040 

■0941// 

■^004 

/a7£0 

//0££ 

/2S/0 

/04/0 

/■4004 

/02a2 , 

Z 

B/ffO 

.39^2 

^S7S 

69/S 

■  e^2^ 

■09S/ 

■0S/2 

■9077 

/O^0/} 

•9077 

90/^ 

■099/ 

■0a2^S 

■09/S 

■  007.^ 

■0902 

.2/00 

/i  or/'zo/7/a/  rokv  pf  f/aures  /.  ^.-/7  tyre/pom/'s  of  a'/y/.^/o/?  of /Ire/; 
Vgr/'/ca/       '      -  ■: -■■  y/ye$ /acaf/tPA'^/'/Gac/ <p/7  Arc/? 

No.  a 


/ 


/ 


13/^2 


.^/e^ 


6- 


J3/0 

'04-93 
-067S 


2: 
£ 

J- 


.-B/64 
r£/J2 

^/77/P 
r/S02 


r//^0 


/7 


/^ 


rO0/S 


i 


ra7JS 


•:^^4^J 


// 


rOff^S 


r/ 


TO2S0 


-^IPSS^ 


/2 
/3 


7/073 


.04/2 


./J90 


.OS7/ 


/4 


-//2e 


rp  .2S63 


•/J/O 


/s 


r//63 
-J/SJ 


rl 


'J4/2 


.£S0B 


//^^^j^ 


,S/S^ 


// 


'/2oe 


r/ 


/fi3S£ 


/.J/^^2 


/Vo^ 
FLHs/^. 


c 


VALUES  of  (y-^)             M=HCy-z) 

/ 

^ 

J 

^ 

s 

s 

7 

B 

9 

/a 

// 

/^ 

73 

/4 

/3 

/S 

77 

/ 

13/(^2 

J.ffJS2 

.70JS 

.ss^y 

.yS97 

./737 

.03 2  2 

7//937 

7/93-4 

r2723 

73234 

-3627 

-J333 

-:3339 

72'093 

.-2/64 

-./206 

/? 

f/ep 

/■Offi'ff 

.0i^7S 

.3^24 

■30 //3 

■  /J029 

■  O490 

■70777 

T/0/0 

-23-^7  r3/42 

7333/ 

^3473 

73273 

^2043 

r2/32 

-//0O 

3 

■25-82 

■  f^JZ 

.04-73 

■  62/73 

•4/36 

.22S3 

.0793 

703O7 

T/3'6^7 

t£30/ 

r£933 

Tyj69 

73340 

^.3/67 

^2764 

-2O70 

-.//63 

4 

JJ/O 

.2363 

.46J3 

.6727 

.4637 

.2697 

./20Z 

■70/37 

r/234 

TZO03- 

-2694 

-3/47 

^J/33 

^30/9 

7^633 

-2004 
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